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SPECIFICATION 

1. Title of the Invention 

POROUS CERAMIC IMPREGNATED WITH DRUG SOLUTION 

2. Claims 

1) A porous ceramic impregnated with a drug solution characterized 
in that the porous ceramic comprises pores of 10 to 500 jam in diameter, 
the pores communicated with the exterior at least on the surface and 
impregnated with an anticancer agent and/or an antibiotic. 

2) The porous ceramic impregnated with a drug solution according 
to claim 1 , characterized in that the porous ceramic is a porous sintered 
body composed of, as a main component, one or a mixture of two or 
more of calcium phosphate, alumina, zirconia, and silicon nitride. 

3) The porous ceramic impregnated with a drug solution according 
to claim 2, characterized in that the calcium phosphate is 
hydroxyapatite or tricalcium phosphate. 

4) The porous ceramic impregnated with a drug solution according 
to any one of claims 1 to 3, characterized in that the porous ceramic 
is a hollow body. 

3. Detailed Description of the Invention 
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The present invention relates to a drug vessel for treating 
osteomyelitis and malignant tumors by being embedded in the affected 
area of a living body. 

In a conventional method, which has been employed to treat the 
affected area of osteomyelitis , a vinyl tube is inserted in a suppurating 
area, and then, an antibiotic is fed into the suppurating area through 
the vinyl tube to wash it . However, this method only tentatively washes 
the suppurating area, so that the antibiotic cannot be delivered over 
the entire suppurating area and remain there over a long period. As 
a result, this method has a drawback in that the treatment is performed 
but incomplete. 

The present invention was made to improve this and is directed 
to provide porous ceramic impregnated with a drug solution 
characterized in that the porous ceramic comprises pores of 10 to 
500 ^m in diameter communicated with the exterior at least on the 
surface, is composed of, as a main component, one or a mixture of 
two or more of calcium phosphate, alumina, zirconia, and silicon nitride, 
and is impregnated with a drug. The porous ceramic has the following 
advantages . 

First, since the porous body is impregnated with a drug, the drug 
permeates into the affected area over a long period, improving the 
efficiency of treatment. 

Second, since the drug vessel is made of ceramics harmless to 
a living body, if it is left in the living body, no problem is raised. 
In particular, calcium phosphate is quite advantageous because it 
facilitates formation of a bone. It fills up a lost part of bone 
simultaneously with treatment. 
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The diameter of the pores herein is specified as 10 to 500 jim. 
This is because when the pore diameter is 10 jam or less, an elution 
rate of a drug is slow, with the result that a long time is required 
for treatment; on the other hand, when the pore diameter is 500 jam 
or more, the elution rate of a drug is too fast, with the result that 
the period is too short and insufficient to apply effective treatment. 

Furthermore, as porous ceramic, any material may be used as long 
as it is harmless to a living body as mentioned above . Calcium phosphate 
(such as hydroxyapatite, tricalcium silicate) , alumina, zirconia, 
and silicon nitride as mentioned above are most suitable since they 
have high mechanical strength and manufactured at reasonable cost. 
Furthermore, if the porous ceramic is a hollow body, it is easily 
handled since a drug can be injected through the hollow body. Even 
if the porous ceramic is not a hollow body, the porous ceramic may 
be impregnated with a drug in vacuum or the like. The hollow body 
may have a bottom or not. 

Next, a method of manufacturing the porous ceramic will be 
explained. First, an organic substance or a binding agent such as 
clay is added in an appropriate amount to an appropriate ceramic powder 
mixture of 10 to 500 jam in diameter. Then, the mixture is molded by 
an appropriate method such as press, extrusion, and green body press, 
followed by sintering. The sintering is preferably stopped in the 
state where the porous body still has open pores before the open pores 
are completely closed and still has appropriate strength . If the entire 
pores are closed, the effect of the present invention cannot be produced . 
Pores are allowed to remain after sintering by another method, in 
which powder ( 10 to 500 jim in diameter ) of carbon or an organic substance, 
which will be baked off during a sintering process is added to ceramics 
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powder. There is still another method of forming pores of 500 jam or 
less in the formed body or the sintered body formed in accordance 
with either one of the aforementioned two methods by a drill. 
Thereafter, the formed body, after it is sintered, and the sintered 
body, as it is, are used as a drug vessel. 

Now, the present invention will be explained in more detail by 
way of Examples. 
Example 1 

To hydroxyapatite of 30 j^m in average diameter, 3% of gum arabic 
was added. The mixture was molded into a cylindrical form with a bottom, 
having an outer diameter of 5 mm, an inner diameter of 3 mm, a length 
of 15 mm, a thickness of 1 mm, and then sintered at 1000°C in the air 
to obtain a cylindrical porous body. The pores formed on the surface 
of the porous body had an average diameter of 20 jam, an outer diameter 
of 4 . 2 mm, an inner diameter of 2 . 5 mm, a length of 13 mm, and a thickness 
of 0 . 8 mm. The pores were impregnated with an antibiotic, cephalosporin, 
by introducing it through the hollow portion. A porous ceramic 
impregnated with a drug was embedded in the thighbone of rabbits. 
The concentration of the antibiotic in the bone marrow of the thighbone 
was measured by killing the rabbits one by one. 

As a result, values of the antibiotic concentration within the 
bone marrow were constant. It was confirmed that the effect of the 
antibiotic of single injection lasts for about 2 weeks. In addition, 
the peripheral osteogenesis of the injection portion was extremely 
favorable . 

On the other hand, cephalosporin was introduced into the thighbone 
of rabbits through a vinyl chloride pipe in the same manner as in 
Example 1 and washed in accordance with a conventional example. In 
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this case, values of the cephalosporin concentration in the bone marrow 
were not constant . 
Example 2 

A partially stabilized zirconia containing alumina, which 
contained tricalcium phosphate, MgO, and Si0 2 , whose average particle 
sizes are shown in Table 1, in an amount of 5% by weight (hereinafter 
"by weight" is omitted) and 5% of Y 2 0 3 , and a-Si 3 N 4 containing 10% of 
Y 2 0 3 were prepared, separately. To each of the mixtures, 3% of 
methacrylic acid and isobutyl ester, 1% of nitrocellulose, and 0.5% 
of dioctylphthalate were added, and further trichloroethylene and 
n-butanol were added as solvents to prepare a green sheet of 1 mm 
thick. Through-holes having the diameter shown in Table 1 were formed 
by a drill at intervals of 0.96 mm to 1.2 mm. The green sheet was 
cut into pieces of 20mm width and 23mm long and rolled to form cylinders 
having an outer diameter of 6 mm and a length of 23 mm, which were 
then sintered up to the temperature shown in Table 1. The average 
porosities of them isalsolistedin Table 1 . An antibiotic was in j ected 
in the same manner as in Example 1. As a result, values of the 
concentration of the antibiotic in the bone marrow are constant compared 
to a conventional case where a drug solution was injected through 
a vinyl chloride pipe embedded in the thighbone of a rabbit . In addition, 
the peripheral osteogenesis was extremely favorable. 



Table 1 



Main 
component 


Average 
particle 
size of 

raw 
material 
(jam) 


Average 
pore size 

before 
sintering 
(Urn) 


Pitch 
(mm) 


Sintering 
temperatu 
re 

(°C) 


Sintered 
product 
(Mm) 


Tricalcium 
phosphate 


10 


100 


0.9 


1200 


80 
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Alumina 


3 


200 


1.0 


1600 


160 


Zirconia 


0.5 


300 


1.3 


1500 


250 


Silicon 
nitride 


1 


400 


1.5 


1650 


340 



In the present invention, since porous ceramic containing a drug 
(solution) is embedded in a living body over a long period as mentioned 
above, the drug solution can be dispersed in an affected area at an 
optimal rate. In this manner, an efficient therapeutic effect can 
be obtained. The above Examples are described taking a cylindrical 
form as an example; however, the present invention is not limited 
to this example. A rectangular column, pyramid, and cone, which may 
have a bottom or not, and may be not hollow may be effective. Besides 
these, spherical shape, egg-shaped, spindle shape, etc. may be 
effective . The shape of the porous body may be appropriately determined 
depending upon the portion of a living body in which the porous body 
is to be embedded. 

The porous body may be satisfactory as long as it has pores at 
least on the surface. Pores of 10 to 500 jam are not necessary present 
throughout the entire part of the porous body. The pores must 
communicate with the exterior. No effect is produced if the surface 
of pores is closed. 
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